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Chapter I 
The first chapter introduces the background, outline, and structure of the dissertation. The 
main purpose of this work is the rational design of materials showing unique 
noncentrosymmetry-induced properties which are physical properties possessing asymmetric 
behavior such as ferroelectricity and circularly polarized luminescence. To realize this target, 
two-dimensional (2D) organic-inorganic hybrid perovskite (OIHP) materials were chosen as 
the platform for the feasibility of introducing molecular chirality through synthesis to break 
centrosymmetry. Combining the intrinsic properties of inorganic component, three distinct 
types of noncentrosymmetry-induced property: bulk photovoltaic effect (BPVE), circular 
photogalvanic effect (CPGE), and novel magnetic behavior were developed by the utilization 
of either semiconducting or magnetic materials. 
Chapter II 
Chapter II describes the features of 2D OIHP materials and their advantage for 
noncentrosymmetry-induced properties. 2D OIHPs were chosen for the availability of 
allowing intercalation of molecules in the vacancy between the van der Waals layers. 
Centrosymmetry breaking of overall material can be guaranteed by the intercalation of chiral 
molecule. Besides, 2D OIHP potentially show various useful physical behavior depending on 
the composition of inorganic component. In the dissertation, lead(II) halides and copper(II) 
halides were employed for their semiconducting and long-range magnetic coupling properties, 
respectively. The combination of chirality and semiconductor in chiral 2D OIHP lead(II) 
halides allows the development of BPVE and CPGE, whereas the combination of chirality and 
long-range magnetic ordering in chiral 2D copper(II) halides leads to spin spiral as well as 
novel spin textures. 
Chapter III 
Chapter III discusses the development of BPVE in chirality introduced 2D OIHP lead iodides. 
BPVE is a photocurrent generating phenomenon without an external bias voltage under 
unpolarized light in single phase bulk material. Therefore, BPVE can be applied under lower 
cost than conventional junctions or interfaces. Besides, BPVE allows open circuit voltage 
exceeding band gap of material which is promising in energy demanding trend in the world. 
In this work, BPVE was successfully detected on single crystals of ((R)/(S)-MPA)2PbI4 
(R-1/S-1, MPA+ =β-methylphenethylammonium ion) which crystalize in triclinic space group 
P1. Moreover, the sign of zero-bias photocurrent inverses between R-1 and S-1 in same crystal 
coordinates when the direction of electric polarization (P) is placed parallelly to the applied  
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electric field. This indicates the chirality dependence. However, BPVE vanishes when the 
direction of electric polarization (P) is placed vertically to the applied electric field for both R-1 
and S-1. The results implies BPVE originates from polarity but not chirality of crystals. 
Chapter IV 
Chapter IV introduces another zero-bias photocurrent generating phenomenon involving spin 
polarization and circularly polarized light (CPL). Since 2D OIHP lead iodides possess heavy 
Pb and I atoms, spin-orbit coupling (SOC) is considered to be impactful. Combining 
centrosymmetry breaking and effective SOC, spin-splitting is expected in the electronic band 
of chiral 2D OIHP lead iodides. Under this condition even without potential difference in the 
band, generation of electrical current can be expected by the excitation of CPL, a phenomenon 
called CPGE. The direction of CPGE current is dependent on the helicity of CPL since only 
the spin with same angular momentum will be interacted. Notably, CPGE has been widely 
studied in polar systems but very rare in chiral systems due to the difficulty of synthesizing 
chiral materials with strong SOC. In this work, a pair of chiral-nonpolar (R)/(S)-BrPEA)2PbI4 
(R-2/S-2, BrPEA+ = 1-(4-bromophenyl)ethylammonium ion)) crystalizing in tetragonal space 
group P43(1)212 were synthesized for the detection of chirality-induced CPGE. Band structure 
calculation of R-2 reveals that density of state around band gap is composed of Pb/I orbitals 
and spin-splitting is observed under the consideration of SOC. Besides, the opposite signals of 
CD spectra between R-2 and S-2 in the absorption region around band gap indicate the 
transfer of chirality to the electronic states of inorganic component. In the photocurrent 
measurements using CPL, photocurrent direction reverses between right-handed and 
left-handed CPLs in both R-2 and S-2, that is, CPL helicity dependence of photocurrent. This 
indicates the observation of CPGE. Furthermore, the CPL helicity dependence and the sign of 
photocurrent are opposite between R-2 and S-2. In other words, CPGE is chirality dependent. 
This is the first time to detect chirality-induced CPGE in chemically designed chiral systems 
and the first time to observe chirality dependence of CPGE. 
Chapter V 
Chapter V described the last noncentrosymmetry-induced property in this work related to 
magnetism. Topological spin textures are a sort of unique spin behavior in magnetic materials. 
Among them, magnetic skyrmions are attracting attention for their stability and applications 
on information storage in memory devices. For the realization of novel spin textures, the 
rational design of spin spiral in magnetic materials is required. Among the methods, 
induction of magnetic frustration between magnetic interactions is the most effective way. 
However, magnetic frustration is not feasible in ordinary magnetic materials. For this reason, 
the introduction of Dzayloshinskii-Moriya interaction (DMI) which forces spins to align 
vertically is effective. The coexistence of ferromagnetic long-range ordering and DMI will lead 
to spin spiral due to spin frustration. Effective DMI requires effective SOC and 
centrosymmetry breaking. Therefore, chirality introduced 2D OIHP copper halides were  
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chosen for magnetic investigation on searching novel spin textures. A series of 
((R)-MPA)2CuBrxCl4-x (x = 4 (Br), 3 (3Br/Cl), 2 (2Br/2Cl), 1 (Br/3Cl), and 0 (Cl)) crystalizing in 
triclinic space group P1 were synthesized. From the magnetic measurements on single 
crystals, only Br and 3Br/Cl show spin-spiral-related magnetic phases. Besides, an intriguing 
phase which is hypothesized with special spin texture exists under magnetic field in Br. An 
achiral centrosymmetric 2D OIHP copper bromide formulated as (PBA)2CuBr4 (PBA-Br, 
PBA+ = 4-phenylbutylammonium ion) with triclinic space group P-1 was synthesized to assess 
the effect of centrosymmetry. From the measurements, PBA-Br behaves as a simple 
ferromagnet without spin spiral states. These results imply the importance of both SOC and 
centrosymmetry breaking for DMI as well as spin spiral. 
Chapter VI 
The last chapter concludes the dissertation. Novel noncentrosymmetry-induced properties 
have been successfully achieved by the utilization of 2D OIHPs with the concept of chiral 
molecule insertion. Intercalation of chiral molecule with OIHP lead(II) iodides and copper(II) 
bromides allows the development of zero-bias photocurrent generation including BPVE 
(opto-electronics) and CPGE (opto-spintronics) and novel magnetic behavior/spin texture 
(spin), respectively. This work demonstrates the successful control of noncentrosymmetry and 
SOC for novel physical properties. 
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論文審査の結果の要旨 
 
 本学位論文では、ハロゲン金属ペロブスカイト二次元層状化合物を無機格子基本骨格とするア
ニオン層とその層間に位置する有機アンモニウムカチオンから構成される有機・無機ハイブリッ
ド型の層状化合物を物質の舞台とし、キラル活性な有機アンモニウム系カチオンを自己集積させ
ることで、新規の非反転対称性の有機・無機ハイブリッド型層状化合物が開発されている。その
うち、ヨウ化鉛(II)層状化合物では、キラル空間と極性空間の対称性の破れを起源とするバルク
光起電力効果と円偏光ガルバノ効果が見出され、またハロゲン化銅(II)層状化合物では、空間対
称性の破れによる新しい磁気相を誘導することに成功している。有機・無機ハイブリッド型の層
状ペロブスカイト化合物の合成にキラルな包摂カチオンを用いることで、合理的に物質の空間対
称性を破り、その空間対称性の効果を物性の非対称性として捉えた成果であり、全６章から構成
されている。 
 第１章は序論であり、本学位論文で研究されたバルク光起電力効果と円偏光ガルバノ効果の光
学効果、および磁気秩序について、空間対称性の破れによる効果に焦点を当てつつ、これまでの
報告例も含めて解説している。第２章は本学位論文研究で用いられた物質の合成についてまとめ
ており、キラル有機アンモニウムカチオンを用いたハロゲン金属ペロブスカイト二次元層状化合
物の新規物質の開発の戦略を記している。第３章から５章は、実際に新しく合成した物質におけ
る物性についてまとめられており、第３章では、キラルおよび極性対称のヨウ化鉛(II)層状化合
物で見出されたバルク光起電力効果について、第４章では、キラル対称ヨウ化鉛(II)層状化合物
における円偏光ガルバノ効果について、そして第５章では、非反転対称性のハロゲン化銅(II)層
状化合物における新しい磁気相について詳細が記されている。最後に第６章では、本研究を通じ
て得られた新しい知見“キラル分子設計による合理的物質開発と空間対称性の破れによる物性制
御”について総括し、今後の展望について述べている。 
 以上、本論文は著者が自立して研究活動を行うに必要な高度の研究能力と学識を有することを
示している。したがって、黄 柏融提出の博士論文は、博士（理学）の学位論文として合格と認
める。 
